1. Introduction {#sec1-genes-09-00261}
===============

The identification of intrinsic ("molecular") subtypes of human breast cancer tumors by Perou et al. 15 years ago catalyzed the concept of individualized cancer therapy \[[@B1-genes-09-00261]\]. The improved understanding of molecular subtypes is of clinical importance, as different subtypes require specific treatment regimens and are associated with different outcomes. The majority of early stage breast cancer patients are diagnosed with an estrogen receptor positive (ER+) and HER2 receptor negative (HER2−) disease, associated with favorable outcomes, and patients benefit from endocrine therapy. HER2-driven and basal-like tumors are more aggressive breast cancer subtypes, and patients are sensitive to chemotherapy. The population diagnosed with ER+/HER2− (luminal type) disease is highly heterogeneous as patients with similar clinicopathological features can have strikingly different outcomes. In patients diagnosed with luminal A type disease, the additional value of chemotherapy over endocrine is questionable, whereas chemotherapy seems to be of more benefit to patients with luminal B tumors \[[@B2-genes-09-00261],[@B3-genes-09-00261],[@B4-genes-09-00261]\].

In clinical practice, pathological determination of the estrogen receptor (ER), progesterone receptor (PR), HER2-status (HER2), Bloom Richardson histological grade (BR) and Ki67 are generally used to determine surrogate intrinsic cancer subtypes \[[@B5-genes-09-00261]\]. Gene expression profiles may be used in patients with ER+ breast cancer to make a distinction between groups with a low or high risk of developing distant metastases in order to optimize patient selection for chemotherapy \[[@B6-genes-09-00261],[@B7-genes-09-00261],[@B8-genes-09-00261],[@B9-genes-09-00261],[@B10-genes-09-00261],[@B11-genes-09-00261],[@B12-genes-09-00261]\]. Based on the expression of 80-genes, a molecular subtyping profile ("BluePrint") has been developed for the stratification of breast cancer tumors into the three main molecular subtypes: luminal, HER2 and basal \[[@B13-genes-09-00261]\]. By adding the prognostic risk profile of the 70-gene signature (70-GS), a substratification of luminal-type tumors into low risk (luminal A) and high risk (luminal B) type cancers can be made \[[@B14-genes-09-00261]\].

The St. Gallen International Expert Consensus panel defined a surrogate to distinguish luminal A type breast cancer from luminal B-type, based on a combination of ER, PR, HER2 and the expression of the proliferation marker, Ki67 \[[@B15-genes-09-00261],[@B16-genes-09-00261]\]. Furthermore, histological grade is also being used as an alternative to Ki67 in luminal-type breast cancers. While hormone and HER2 receptor statuses have been proven to be highly reproducible \[[@B17-genes-09-00261]\], a standardized methodology for Ki67 level assessment is lacking, and the role of Ki67 in clinical decision-making remains uncertain \[[@B18-genes-09-00261],[@B19-genes-09-00261],[@B20-genes-09-00261],[@B21-genes-09-00261],[@B22-genes-09-00261]\]. Reliable distinction of luminal-type tumors into A and B is important, since the therapeutic consequences of this are large. Misinterpretation of these surrogates may lead to the risk of patients being over- or under-treated.

As part of a prospective observational multicenter study in a selection of ER+ breast cancer patients who were considered candidates for 70-GS use \[[@B23-genes-09-00261]\], a conventional pathology assessment was performed as well as gene expression profiling. We assessed molecular subtypes (luminal/HER2/basal) using an 80-gene signature (80-GS) in ER+, mostly HER2− and partly HER2+ cancers determined by conventional pathology. In addition, concordance between luminal A and B-type cancers was evaluated using local pathology, stratified by Ki67 status or BR grade versus gene signatures (80-GS/70-GS).

2. Materials and Methods {#sec2-genes-09-00261}
========================

2.1. Patients {#sec2dot1-genes-09-00261}
-------------

As part of a prospective observational multicenter study regarding the influence of the 70-GS on adjuvant chemotherapy decision-making in patients with surgically-treated ER+ breast cancer, conventional (local) pathology data and gene expression read-outs were obtained between 1 January 2013 and 31 December 2015. The study was approved by the medical ethics committee of the University Medical Center Utrecht (12-450) and by institutional review boards of participating centers. The study protocol (protocol number 12-450) was registered in the clinicaltrial.gov database (NCT02209857). Within the study, patients diagnosed with early stage ER+ invasive ductal breast cancer with an uncertain benefit of adjuvant chemotherapy based on traditional prognostic factors were eligible for inclusion. Twenty-three out of thirty-three participating hospitals offered patients the opportunity for their tumor samples to be additionally evaluated by the 80-GS (BluePrint ©). In total, 595 patients treated in these 23 hospitals had both tests performed, and these patients were included in the present study.

2.2. Routine Pathology Assessment {#sec2dot2-genes-09-00261}
---------------------------------

The determination of hormone receptor (HR) status (ER and PR) and HER2-receptor status was done routinely and locally in the pathology labs in accordance with national pathology guidelines. ER and PR status were routinely determined by immunohistochemistry (IHC) and positive identification was defined as the presence of nuclear staining in ≥10% of breast cancer cells, in accordance with the Dutch Breast Cancer Guidelines \[[@B24-genes-09-00261]\]. The results were identical if we applied a cut-off of ≥1%, as all cases included in this study with any ER or PR positive staining of the nuclei, showed at least 10% positive nuclear staining \[[@B25-genes-09-00261]\].

HER2 expression was scored by IHC in accordance with international guideline recommendations \[[@B26-genes-09-00261]\]: 0 if no staining was observed or membrane staining was incomplete and faint/barely perceptible and within less than 10% of the tumor cells, 1+ if staining was incomplete and faint/barely perceptible, but within more than 10% of the tumor cells, 2+ if more than 10% of the tumor cells displayed circumferential staining of moderate intensity or complete and circumferential strong staining within less than 10% of the tumor cells, and 3+ for strong circumferential membrane staining within ≥10% of the tumor cells. A tumor was considered HER2-negative when a score of 0 or 1+ was found and positive when a score of 3+ was observed. Tumors with 2+ HER2 expression were additionally evaluated by HER2 fluorescent in situ hybridization (FISH). In accordance with the Dutch guidelines, the cut-offs for HER2 low level and high-level amplification were defined as \>6 and \>10 copies of the HER2 gene or clusters, respectively \[[@B23-genes-09-00261]\]. Ki67 assessment was routinely performed in 11 of the participating hospitals, and the tests were done in five different pathology laboratories. When Ki67 had been determined (*n* = 185), the average scoring method was performed and a Ki67 cut-off value of 20% \[[@B25-genes-09-00261]\] was used for the designation of Ki67 into luminal A or luminal B type tumors.

2.3. Pathological Subtyping (PS) {#sec2dot3-genes-09-00261}
--------------------------------

In accordance with the 2013 recommendations from the St. Gallen guidelines, surrogate molecular subtypes were determined as follows: luminal A-like (ER+ and PR ≥20%, HER2− and Ki67 \<20%) and luminal B-like (ER+/HER2−/PR \<20%, or ER+/HER2−/Ki67 ≥20%, or ER+/HER2+) \[[@B22-genes-09-00261]\]. Using surrogate molecular subtyping based on grade, Bloom Richardson (BR) histological 1 and 2 were combined into the low proliferative group and BR grade 3 represented the high proliferative tumors, and surrogate subtypes were determined as follows: luminal A- like (ER+ and PR ≥20%, HER2− and BR I/II) and luminal B-like (ER+/HER2−/PR \<20%, or ER+/HER2−/BR III or ER+/HER2+).

2.4. Molecular Subtyping (MS) {#sec2dot4-genes-09-00261}
-----------------------------

All tumor samples were routinely evaluated by the 80-GS and 70-GS methods at the Agendia Laboratory in Amsterdam, The Netherlands; the individuals who conducted the analysis were blinded to clinical and pathological data. The 80-GS ("BluePrint") stratified breast cancers into the molecular subtypes: luminal, HER2, and basal-like \[[@B13-genes-09-00261]\]. Combining the 80-GS with the 70-GS method enabled further stratification of luminal tumors into luminal A (70-GS low risk) and luminal B (70-GS high risk) \[[@B14-genes-09-00261]\].

2.5. Statistical Analysis {#sec2dot5-genes-09-00261}
-------------------------

A comparison of molecular subtyping (MS) and pathological subtyping (PS) was done with two by three (Table 2) and two by four (Table 3) contingency tables, calculating overall concordance. In addition, comparison of pathological subtyping (PS) and molecular subtyping (MS) for Luminal A and Luminal B tumors based on BR grade and Ki67 was done with the Kappa statistic to evaluate the agreement between these two classifications on a nominal scale and accompanying 95% confidence intervals (CI) were calculated \[[@B27-genes-09-00261]\].

3. Results {#sec3-genes-09-00261}
==========

3.1. Patients {#sec3dot1-genes-09-00261}
-------------

There were 595 patients with a median age of 58 years. The majority of the patients had intermediate grade tumors (74%), with no or micro-metastasic axillary lymph node involvement (pN0 or pN1mi ≥93%, [Table 1](#genes-09-00261-t001){ref-type="table"}). A local pathology assessment determined that all 595 patients had ER+ tumors, 87% had PR+ and 2% had HER2+ tumors. The 70-GS classified 59% of the patients as having a 'low risk' form of breast cancer. In the subset of 185 patients in whom Ki67 levels were assessed, 83% had Ki67 levels \<20%, reflecting a low risk. This subset of patients had comparable proportions of PR+ and HER2+ tumors (88% and 1%, respectively) ([Table 1](#genes-09-00261-t001){ref-type="table"}).

3.2. Pathological Subtyping Versus Molecular Subtyping Using the 80-GS Only {#sec3dot2-genes-09-00261}
---------------------------------------------------------------------------

Using local pathology, 98% of patients (*n* = 576) were regarded as \[HR+/HER2−, luminal A\] and 2% (*n* = 12) of patients as \[HR+/HER2+, luminal B\]. In seven patients (1%), the HER2 receptor status was not conclusive and these individuals were therefore excluded from the analysis. The 80-GS classified 98% (*n* = 583) of all patients as luminal-type, 1% (*n* = 7) as HER2-type and 1% (*n* = 5) as basal-type. The comparison of MS and PS for luminal A and B together resulted in an overall concordance of 98% ([Table 2](#genes-09-00261-t002){ref-type="table"}). The ER expression percentages of patients reclassified as HER2-type were 50% (*n* = 1), 70% (*n* = 1), 90% (*n* = 1) or 100% (*n* = 4). The ER expression percentages of patients reclassified as basal-type were 10% (*n* = 1), 50% (*n* = 2), 70% (*n* = 1) or 100% (*n* = 1).

3.3. Comparison of Luminal A and Luminal B tumors by Molecular or Pathological Subtyping {#sec3dot3-genes-09-00261}
----------------------------------------------------------------------------------------

Based on the BR grade, stratification of luminal-type tumors into A and B was performed. Using PS, 74% of patients (*n* = 448) were classified as luminal A, and 26% of patients (*n* = 138) were classified as luminal B. Using MS, 58% of patients (*n* = 342) were classified as luminal A, 40% of patients (*n* = 232) as luminal B, 1% of patients (*n* = 7) as HER2-type and 1% of patients (*n* = 5) as basal-type. Thirty-four percent of patients (*n* = 154) considered to be PS luminal A were reclassified as MS luminal B. Thirty-eight percent of patients (*n* = 52) regarded as PS luminal B were reclassified as MS luminal A. The overall concordance between PS and MS was 63%. The concordance between PS and MS within the luminal group was 64% (Kappa 0.20 \[95% CI 0.11--0.28\], [Table 3](#genes-09-00261-t003){ref-type="table"}).

3.4. Comparison of Luminal A and Luminal B tumors by Molecular and Pathological Subtyping {#sec3dot4-genes-09-00261}
-----------------------------------------------------------------------------------------

Based on hormone and HER2 receptors and Ki-67 status, stratification of molecular subtypes into luminal A or luminal B tumors could be performed. Based on local pathology, 82% (*n* = 151) were classified as PS luminal A and 18% (*n* = 34) as PS luminal B. Of the patients classified as PS Luminal A, 64% (*n* = 96) were also classified as MS luminal A. Thirty-four percent of patients (*n* = 52) and 2% (*n* = 3) of patients were reclassified as MS luminal B and MS HER2-type, respectively. Of the patients classified as PS luminal B type, 22% (*n* = 65) were also classified as MS luminal B. Eleven percent of patients (*n* = 32) and 1% of patients (*n* = 3) were reclassified as MS luminal A type and MS basal-type, respectively. The overall concordance between PS and MS in this subset of patients was 64%. The concordance between PS and MS within the luminal group was 65% (Kappa 0.22 \[95% CI 0.062--0.37\]) ([Table 4](#genes-09-00261-t004){ref-type="table"}).

4. Discussion {#sec4-genes-09-00261}
=============

In this prospective multicenter ER+ breast cancer study, we observed high concordance between conventional pathology assessment and gene-expression profiling for luminal-type cancers (A and B together). When Ki67 expression or BR grade was used in addition to routine pathology and compared to molecular subtyping to differentiate between luminal A/B type cancers, concordance was low.

The current study, therefore, shows that molecular subtyping using local pathology or 80-GS results in classification of similar proportions of luminal-type tumors. The observed concordance is in line with a previous study conducted by Nguyen et al. (*n* = 135) in which concordance between luminal-type tumors by IHC/FISH and 80-GS was 96% \[[@B28-genes-09-00261]\]. Similarly, results of a study evaluating the effect of locally and centrally assessed hormone and HER2 receptor statuses revealed comparable proportions of tumors classified as ER+ and HER2−97% and 98%, respectively. In the latter study, central reclassification rates were higher in tumors originally assessed as ER− (14%) and HER2+ (21%). These results suggest that 80-GS based molecular subtyping has little additional value in patients that are classified as HR+/HER2− by conventional pathology.

In the present study, stratification of luminal-type tumors into types A and B by conventional pathology based on the expression of the proliferation marker, Ki67, compared to 70-GS was associated with lower concordance (64%). This apparent discordance within the luminal group is in line with results reported in the MINDACT trial where 54% of patients with a luminal B subtype according to conventional pathology were reclassified as luminal A by the 70/80-GS \[[@B29-genes-09-00261]\]. As a consequence, using conventional or microarray analysis (70/80-GS) for breast cancer subtyping may lead to discordant chemotherapy decision-making with the risk of patients being potentially over or undertreated.

The pathological distinction between ER+ tumors into low risk (luminal A) and high risk (luminal B) for developing metastases is mostly based on the assessment of proliferative activity. Histologic grade, in which the mitotic activity index as measure of proliferation plays a major role, is generally used to this end, but the St. Gallen breast cancer consensus panel also recommends Ki67 as a means of determining proliferative activity and therefore, selecting patients for chemotherapy. However, a standardized methodology for Ki67 assessment is lacking \[[@B18-genes-09-00261]\] and revisions within the St. Gallen expert panel for the most appropriate cut-off for high proliferative tumors are still pending \[[@B30-genes-09-00261],[@B31-genes-09-00261],[@B32-genes-09-00261],[@B33-genes-09-00261]\]. In accordance with the 2013 St Gallen recommendations, we set the Ki67 cut-off for high proliferation at 20%. If a 14% Ki67 cut-off value had been applied, the comparison between low risk and high risk tumors would have resulted in even higher discordance (37%) of tumors reclassified by the 80- and 70-GS methods ([Supplementary Materials Table S1](#app1-genes-09-00261){ref-type="app"}). Intra-tumoral heterogeneity of Ki67 expression levels, inter-laboratory and inter-observer variability of Ki67 staining and differences in Ki67 Labelling Index values have been observed by others and hamper the utility of this biomarker as a reproducible prognostic tool \[[@B18-genes-09-00261],[@B22-genes-09-00261],[@B34-genes-09-00261],[@B35-genes-09-00261]\]. In our study, 11 hospitals and five different pathology labs were used to determine Ki67. Among these pathology labs, different staining methods may exist and could have caused the discordance between molecular and pathological subtyping.

In this prospective multicenter trial, molecular subtyping by local pathology versus gene signatures was evaluated for a large group of patients. Furthermore, this selection of ER+ patients is very relevant as this is the subset of patients in whom gene signatures are most commonly deployed to guide chemotherapy decisions and, as such, best reflects current clinical practice. Unfortunately, the composition of our study population precluded the performance of 80-GS in HER2 driven and basal-like cancers and so, to be able to study these groups, future studies need to be performed.

It is noteworthy that discordance between conventional pathology and the 80-GS for HER2-driven tumor types reported in trials in neo-adjuvant setting, is high \[[@B4-genes-09-00261],[@B36-genes-09-00261],[@B37-genes-09-00261]\]. In the Neoadjuvant Breast Register Symphony Trial (NBRST), approximately half of patients (48%) regarded as HER2+/ER+ by conventional pathology were classified as BluePrint luminal-type. In addition, a comparison of molecular subtyping in clinical HER2+ patients in the MINDACT trial revealed 38% and 5% of patients reassigned by the BluePrint as luminal-type and basal-type, respectively. These results confirm the presence of different underlying dominant pathways indicating that expression of the luminal pathway is often dominant compared to the HER2-driven tumor profile.

In conclusion, in this prospective study of a selection of ER+ and predominantly HER2− early-stage breast cancer patients, the additional value of the 80-GS to distinguish between luminal, HER2-type and basal like cancers was inherently very limited. However, agreement between luminal A and luminal B type tumors based on local pathology enhanced by Ki-67 or BR grade versus the 70-GS, was poor. The main implication of our study is the existence of disparity between the two classification methods and the concomitant risk of inadequate treatment allocation. In that regard, there may be a role for gene expression profiling as a consistent tool to discriminate between luminal A and B to guide adjuvant chemotherapy decision-making.
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genes-09-00261-t001_Table 1

###### 

Baseline characteristics in patients assessed by local pathology (*n* = 595) and in patients assessed by local pathology enhanced by Ki67 level determination (*n* = 185).

  **Characteristics**        **Total *n* = 595 (%, valid)**   **Subset Ki67 *n* = 185 (%, valid)**
  -------------------------- -------------------------------- --------------------------------------
  **Age, years, median**     58                               57
  **(*range*)**              (35--80)                         (35--74)
  **Pathological T-stage**                                    
  T1                         480 (80.6)                       153 (82.7)
  T2                         114 (19.2)                       31 (16.8)
  T3                         1 (0.2)                          1 (0.5)
  **Pathological N-stage**                                    
  N0(i+)                     496 (84.5)                       164 (89.6)
  N1mi                       54 (9.2)                         11 (6)
  N1(a-c)                    37 (6.3)                         8 (4.4)
  Nx                         8                                2
  **Tumor grade**                                             
  1                          86 (14.5)                        30 (16.3)
  2                          438 (73.7)                       125 (67.9)
  3                          70 (11.8)                        29 (15.8)
  Unknown                    1                                1
  **ER status**                                               
  ER+                        595 (100)                        185 (100)
  **PR status**                                               
  PR+                        518 (87.2)                       163 (88.6)
  PR-                        76 (12.8)                        21 (11.4)
  Unknown                    1                                1
  **HER2 status**                                             
  HER2+                      12 (2)                           2 (1.1)
  HER2−                      576 (98)                         182 (98.9)
  Unknown                    7                                1
  **Ki67 Level**                                              
  \<20%, low                 153 (83)                         153 (83)
  ≥20%, high                 32 (17)                          32 (17)
  Not assessed               410                              \-
  **70-GS**                                                   
  Low risk                   349 (59)                         109 (59)
  High risk                  246 (41)                         76 (41)

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth receptor 2; Ki-67: proliferation marker; N0/N0(i+): no axillary lymph node involvement/isolated tumor cells; Nmi: micro-metastasis; N1a-c: metastasis in movable ipsilateral. Level I, II axillary lymph node(s), Nx axillary lymph node status not assessed.

genes-09-00261-t002_Table 2

###### 

Pathological subtyping using hormone and HER2 receptor status versus molecular subtyping using the 80-GS (*n* = 588).

  **Molecular Subtypes**                               
  ------------------------ ---------- -------- ------- -----
  ER+/PR+, HER2−           567 (98)   4 (1)    5 (1)   576
  ER+/PR+, HER2+           9 (75)     3 (25)   0 (0)   12
  Total                    576        7        5       588

80-GS: 80-gene signature; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2. The overall concordance between PS and MS was 98%.

genes-09-00261-t003_Table 3

###### 

Comparison of pathological subtyping using Bloom Richardson histological grade versus molecular subtyping (*n* = 586).

  **Molecular Subtypes**                                                        
  --------------------------------------- ---------- ---------- ------- ------- -----
  ER+, PR ≥ 20%, HER2−, BR I/II           290 (65)   154 (34)   4 (1)   \-      448
  ER+ & (PR \< 20%, or HER2+ or BR III)   52 (38)    78 (57)    3 (2)   5 (3)   138
  Total                                   342        232        7       5       586

GS: 70-gene signature; 80-GS: 80-gene signature; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2. The overall concordance between PS and MS was 63%. The concordance between PS and MS within the luminal group was 64% (Kappa 0.20 \[95% CI 0.11--0.28\]).

genes-09-00261-t004_Table 4

###### 

Comparison of pathological subtyping based on Ki67 status versus molecular subtyping (*n* = 185).

  **Molecular Subtypes**                                                          
  ------------------------------------------- --------- --------- ------- ------- -----
  ER+, PR ≥ 20%, HER2−, Ki67 \< 20%           96 (64)   52 (34)   3 (2)   0       151
  ER+ & (PR \< 20%, or HER2+ or Ki67 ≥ 20%)   11 (32)   22 (65)   0       1 (3)   34
  Total                                       107       74        3       1       185

70-GS: 70-gene signature; 80-GS: 80-gene signature; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2; Ki-67: proliferation marker protein. The overall concordance between PS and MS was 64%. The concordance between PS and MS within the luminal group was 65% (Kappa 0.22 \[95% CI 0.062--0.37\]).
